Introduction
============

Hip fracture is a common fracture secondary to a fall in aged population.[@b1-cia-11-1539] As a consequence of global population aging, the incidence of hip fracture has been increasing.[@b2-cia-11-1539]--[@b4-cia-11-1539] However, most attention regarding perioperative hemorrhage in elderly patients with hip fracture is paid to intraoperative and postoperative hemorrhage,[@b5-cia-11-1539] while studies on concealed hemorrhage before fracture operation are limited.[@b6-cia-11-1539],[@b7-cia-11-1539]

It has been reported that hemoglobin (Hb) level shows a sustained downward trend after hip fracture.[@b6-cia-11-1539] It suggests a potential anemia caused by persistent hemorrhage after hip fracture. However, we still do not know the amount of bleeding and Hb level changes in different types of fractures. Previous studies have also showed that low Hb level is positively correlated to poor prognosis after hip fracture.[@b8-cia-11-1539]--[@b11-cia-11-1539] They suggest that in order to reduce intraoperative risk and improve postoperative prognosis, it is important to actively pay attention to and correct low Hb level in elderly patients with hip fracture.[@b12-cia-11-1539],[@b13-cia-11-1539]

For this reason, we hypothesized that a large drop in Hb could originate from the secondary hemorrhage following initial trauma. Our study is to confirm that Hb level is significantly reduced before operation in elderly patients with hip fracture, and to specify potential amounts of bleeding and Hb decline in different types of fractures. It will provide a clinical basis for timely detection and correction of low Hb level in elderly patients.[@b14-cia-11-1539]

Patients and methods
====================

We conducted this prospective study at Shanghai Tenth People Hospital (level-one trauma center) where patients with a diagnosis of a hip fracture and an operative delay of greater than 72 hours were studied prospectively between April 2014 and February 2016.[@b15-cia-11-1539] The study protocol was approved by the Institutional Ethics Committee at Shanghai Tenth People Hospital. Written informed consent was obtained from all patients included in this study.

The fractures included unilateral intra and extracapsular fractures of the proximal femur but excluding subtrochanteric fractures, which were considered to be higher energy injuries involving higher volume of blood loss. Patients were excluded from the study if they were aged below 60 years, operated within 72 hours of admission, and had a documented diagnosis of anemia or gastrointestinal hemorrhage. Patients were also excluded if they had another source of hemorrhage or were receiving anticoagulation therapy including vitamin K-antagonists, direct thrombin inhibitors, direct factor Xa inhibitors, and platelet aggregation inhibitors.

All the patients were managed according to the same hip fracture pathway protocol after admission.[@b16-cia-11-1539] According to protocol, standardized fluid and transfusion procedures were enforced.[@b17-cia-11-1539] They received 1 L of normal saline every 8 hours prior to surgery and were transfused with blood if the level of Hb fell below 90 g/L at any point during their admission.[@b14-cia-11-1539],[@b18-cia-11-1539]

Hb concentration was measured on a daily basis before the surgery. The first time and the last one was on admission and immediately prior to surgery, giving a total of four Hb measurements (days 1--4). Measurement was by venous sampling with Hemocue and analyzing by the methemoglobin method.

All the data were prospectively recorded by the hospital staff in the patient record. Fracture classification (from the radiologist report), serial Hb levels, and patient comorbidities (from admission records) were recorded. Weight and height were assessed by the admitting doctor. If the patients could not be weighed on a weighing machine, their weight was estimated by using a gender- and age-dependent mean height-to-weight relationship.[@b19-cia-11-1539]

The total blood loss (TBL) was the primary outcome. Patients were grouped according to the type of fracture (intracapsular and extracapsular) for calculation of the TBL. TBL was calculated based on the Hb level, the Hb concentration on admission (Hgb~adm~) and the final Hb concentration immediately prior to surgery (Hgb~fin~), the number of transfusions (Hgbtrans), and the estimated blood volume.[@b20-cia-11-1539] Considering the effects of dehydration on the level of Hb on admission, the Hb level on admission was corrected by a factor of 0.9, in order to simulate 10% dehydration in all patients. The blood volume was determined according to gender, body mass, and height. The formulae (Nadler's formula) used for the calculations are presented in [Figure 1](#f1-cia-11-1539){ref-type="fig"}.[@b21-cia-11-1539]

All data analyses were done by SPSS version 21 software, and we used Student's *t*-test for statistical analysis. A *P*-value \<0.05 was taken as significant.

Results
=======

A total of 349 patients (203 females, 146 males), with 164 patients in the intracapsular fracture group and 185 in the extracapsular fracture group, met the inclusion criteria and, therefore, formed the study group from April 2014 to February 2016. The mean time from admission to surgery was 4 days (range 3--5). Baseline data of the included patients are shown in [Table 1](#t1-cia-11-1539){ref-type="table"}.

[Figure 2](#f2-cia-11-1539){ref-type="fig"} shows the on admission, day 2, day 3, and final Hb levels of 349 patients with intracapsular and extracapsular fractures. [Figure 3](#f3-cia-11-1539){ref-type="fig"} shows the lowest final recorded Hb level prior to surgery was 106.75 g/L (standard error of the mean \[SEM\] 7.67) for patients with extracapsular fractures and 112.85 g/L (SEM 7.59) for those with intracapsular fractures. The average preoperative drop in Hb for the extracapsular and intracapsular fracture groups were 21.55 g/L (SEM 7.67) and 15.63 g/L (SEM 6.01), respectively, and the difference was statistically significant (*P*\<0.05). On the basis of the fracture types, the preoperative TBL values, corrected for 10% dehydration, were found to vary from 378 mL to 1,013 mL. [Figure 4](#f4-cia-11-1539){ref-type="fig"} shows the mean preoperative TBL was 790.3 mL (standard deviation \[SD\] 103.2) in the extracapsular fracture group and 581.7 mL (SD 78.4) in the intracapsular fracture group. Difference in means was 280.6 mL (95% confidence interval \[CI\] 61.7--349.5; *P*=0.005, two-sided *t*-test). [Figure 5](#f5-cia-11-1539){ref-type="fig"} shows the details of the results based on gender, and the differences in the preoperative TBL values between the groups did not reach statistical significance.

Discussion
==========

There was a significant decrease preoperatively in the Hb concentration of nearly 21.55 g/L (SEM 7.67) in patients with extracapsular hip fractures and nearly 15.63 g/L (SEM 6.01) in those with intracapsular hip fractures. The biggest difference in Hb level was observed between the values taken on the first day and those taken on the next day. Considering that we had ruled out patients who had another source of hemorrhage or anticoagulation therapy, the blood loss that occurred between the time of fracture and the time of operation could only be the reason for the decrease of Hb level. Smith et al[@b5-cia-11-1539] also showed that a large proportion of the blood loss happened preoperatively. So, we hypothesized that this large drop in Hb level could originate from the secondary hemorrhage following initial trauma. Compared to the postoperative Hb drops, which were the focus of other studies, the preoperative decrease in Hb was obviously higher than the decline after surgery.[@b8-cia-11-1539],[@b20-cia-11-1539] This finding implies that the major blood loss, excepting the intraoperative blood loss of hip fracture, occurred prior to surgery.

Hb is one of the best indicators for calculating the preoperative TBL in hip fracture patients.[@b9-cia-11-1539],[@b22-cia-11-1539] However, the relationship between the Hb level and the preoperative TBL needs be explored deeply. It is influenced and controlled by many factors, such as dehydration on admission.

It is common for hip fracture patients to be dehydrated on arrival to hospital. Due to the large loss of body fluids during the time from fracture to admission, dehydration could have caused an exaggeration of the admission Hb value. Meanwhile, previous studies have shown that the infusion of intravenous fluids would cause the falling of Hb levels.[@b6-cia-11-1539] Similar finding was also observed in this study. So, the admission Hb level may not represent the true Hb value for that patient. The admission Hb should be interpreted discreetly and one should consider that patients may be more anemic than is immediately apparent.

Our study is the first to evaluate the TBL before surgery in elderly patients with hip fracture. The accuracy of the calculated preoperative TBL lies on the validity of the Hb values on admission, the final Hb levels, and the estimated blood volume. Similar methods have been reported in other studies.[@b5-cia-11-1539]

The preoperative TBL in connection with the types of hip fracture was substantial. The preoperative TBL was significantly more for the extracapsular fracture patients than for the intracapsular fracture patients (790.3 mL and 581.7 mL, respectively, *P*\<0.05, Student's *t*-test). The greater bone surface area in the extracapsular group may be responsible for this result. The loss of blood was also associated with increased length of delay to surgery.[@b15-cia-11-1539]

We found no significant difference (*P*\>0.05) in the preoperative TBL between the male and female groups, and the clinical significance of this finding is debatable.[@b13-cia-11-1539] We cannot rule out the possibility that gender is implicated in this difference in the preoperative TBL.

Previous studies have found that there was some association between anemia and poor functional outcome and delirium in patients with hip fracture, such as higher postoperative Hb level may improve functional recovery after hip fracture repair, therefore it is important to maintain Hb at an appropriate level.[@b9-cia-11-1539],[@b13-cia-11-1539] Some studies have advocated an increase in the threshold of blood transfusion in the preoperative period in order to improve the safety of operation.[@b23-cia-11-1539] Based on the findings of our study, it could be arguable whether to transfuse patients with Hb level less than 100 g/L before surgery, in order to prevent Hb level falling below 80 g/L during or after surgery. In our hospital, an Hb concentration of 100 g/L or more is considered as an acceptable threshold for surgery. However, most patients with hip fracture are elderly patients whose basal ability of organ systems has been reduced. This study has shown that 90% of patients reached the Hb threshold for surgery on admission, but only 70% were above the safety level according to the final test results.

Compared with previous studies, the present study has several advantages as the study was a prospective study. Additionally, all the patients treated with rehydration were according to the same protocol. The weakness of this study was that patients taking aspirin or other antiplatelet agents regularly were excluded, as hip fracture in such patients may result in greater drop in Hb levels than those not taking it. Excluding these patients would, in fact, decrease the average drop in Hb levels and the preoperative blood loss. Another weakness of this study was that the preoperative TBL was calculated based on several clinical parameters which could be a source of error. The initial dehydration and the rehydration following admission may interfere with the accuracy of Hb measurements, but it should not affect the difference because all the patients were treated with the same protocol.

Conclusion
==========

We found that hip fracture patients often suffer from an obvious blood loss that occurs after the injury, yet prior to the surgery the Hb levels were found to be normal. This could pose a threat to the safety of the subsequent operation in this patient group.[@b24-cia-11-1539] Some patients are actually anemic but are not identified prior to their surgery. So anesthetic and orthopedic staff should pay additional attention to the problem of low preoperative Hb concentration, even if the initial Hb level was apparently normal.[@b25-cia-11-1539] In our view, frequent measurements of Hb levels are necessary to avoid anemia and improve the safety of surgery not only on admission. Measures which can reduce the preoperative TBL need to be investigated further in those with hip fractures.
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###### 

Details of the 349 patients with hip fracture

  Patient characteristics                 Mean (Range)
  --------------------------------------- ----------------
  Median age, years (range)               75 (69--81)
  Gender                                  
   Male                                   146
   Female                                 203
  Median weight, kg (range)               64 (57--71)
  Median height, cm (range)               162 (156--168)
  Fracture type, n (%)                    
   Intracapsular                          164 (47)
   Extracapsular                          185 (53)
  Median delay to surgery, days (range)   4 (3--5)
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